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571 ABSTRACT

~ Tetrazole thiols represented by the formulae
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and the C;—C3 alkyl derivatives thereof are proﬁided.
‘The tetrazole thiols are useful in the preparation of
- broad spectrum cephalosporin antibiotics.
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1-AND
2-(1-ALKYL-1H-TETRAZOL-5-YL-METHYL)-1H-
TETRAZOL-5-THIOLS AND 1-CYANOMETHYL
~ TETRAZOLE-5-THIOL

SUMMARY OF THE INVENTION

This invention relates to heterocyclic thiols. In par-
ticular, it relates to isomeric bis- tetrazolemethyl thiols
‘represented by the followmg formulas:

.. N— A A
. H—s—¥ /N
L
R '
 N====N N II‘"T B
nes—h pren{ )

wherein R is hydrogen or Ci-Cj3 alkyl, and to 1-
cyanomethyl-1H-tetrazole-5-thiol useful as an interme-
“diate in the preparation of the bls-tetrazoles of the above
formula A.

"The 1- (lH-tefrazol 5-yImethyl)-1H-tetrazole-5- thiols

of the above formula A wherein R is hydrogen are
prepared by the reaction of 1 -cyanomethyl-1H-tet-
razole-5-thiol and tetramethylguanidinium' azide. The
compounds of the formula A wherein R is C1-C;j alkyl
are prepared by reacting an ester of 5-chloro-1H-tet-
razol-1-ylacetic acid with a Ci~Cj3 alkyl amine to form
the corresponding 5-chloro-1H-tetrazole-1-yl N-
(C1-Cs)alkylamide. The amide is then reacted with
phosgene in the presence of a tertiary amine such as
pyridine to form the intermediate N-(C;-Cj3 alkyl)-N-
chlorocarbonyl amide. derivative which on reaction
with tetramethylguanidinium azide provides 1-(1-meth-
'yl-1H-tetrazole-5-ylmethyl)-5-chloro-1H-tetrazole. The
latter is converted to the 5-th101 with sodium hydrosul-
fide.

The 2H-tetrazole represented by the above formula B
wherein R is hydrogen, namely, 2-(1H-tetrazole-5-
ylmethyl)-2H-tetrazole-5-thiol, is prepared by reacting
5-benzylthio- 2—cyanomethyl 2H-tetrazole with tetrame-
thylguanidinium azide or with aluminum triazide fol-
lowed by electrolytlc reductlon to remove the benzyl
group. The cyanemethyl tetrazole starting material is
prepared by reacting- 5-benzylthio-1H-tetrazole with
chloroacetonitrile in the presence of base. The mixture
of the isomeric 1 and 2-cyanomethyl derivatives is sepa-
rated and the 2-isomer reacted with the azide as de-
scribed above. Alternatively, the mixture of the 1- and
2-cyanomethyl derivatives is reacted with the azide and
the isomeric bis-tetrazolemethyl products is separated.

The bis-tetrazolemethyl compounds of the invention
are used in the preparation of broad. Spectrum cephalo-

sporin antibiotics described in copendmg appllcatlon
Ser. No. 187,859 filed thls even date. "
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2
DETAILED DESCRIPTION

The tetrazole thiol compounds of this invention are
represented by the following formulas

N N
N
Hos—{ )
- _ I|~I N ﬁ‘
CH:‘u\ /N
N
i
R
and
N === Ilq N ﬁT
H—-—s—L\ /N""'CHz—u\' /N
N -' Ti‘
R

'wherein each R 1s hydrogen or C1-Cj3 alkyl.

~ As shown in the above formulas, the compounds are
characterized by a 1H-tetrazole ring bonded through a
methylene group to 1H- or 2H-tetrazole-5-thiol group.

For convenience, the compounds are referred to herein

as bis-tetrazolemethyl thiols. They are formally named
as follows: 1-(1H-tetrazole-5-ylmethyl)-1H-tetrazole-5-
thiol, or the Cy-Cj3 alkyl derivative, and 2-(1H-tet-
razole-5-ylmethyl)-2H-tetrazole-5-thiol, or the C;~C3

~alkyl derivative.

Examples of the bis-tetrazolemethyl compounds are
1-(1H-tetrazole-5-ylmethyl)-1H-tetrazole-5-thiol, 1-(1-
methyl-1H-tetrazole-3-ylmethyl)-1H-tetrazole-3-thiol,
1-(1-ethyl-1H-tetrazole-5-ylmethyl)-1H-tetrazole-3-
thiol, 1-(1-n-propyl-1H-tetrazole-5-ylmethyl)-1H-tet-
razole-5-thiol, 2-(1H-tetrazole-5-ylmethyl)-2H-tet-
razole-5-thiol, and 2-(1-methyl-1H-tetrazole-5-ylme-
thyl)-2H-tetrazole-5-thiol.

The 1-(1H-tetrazole-5-ylmethyl)-1H-tetrazole-5-thiol
represented by the above formula A wherein R 1s hy-
drogen is prepared by reacting 1-cyanomethyl-1H-tet-
razole-5-thiol - with tetramethylguamdinium azide.
(TMGA) as shown in the following reaction scheme:

N ﬂT
H....SJ\ N+ TMGA —_—
|
CH>CN
N N
|
H—-S—K /N
N N N
| |
CHZ"K Va
N
|

The reaction is carried out by heating a solution of the
cyanomethyl tetrazole thiol with TMGA until the reac-
tion is complete. Excess TMGA is preferably employed
and about a 1.5 to 2.0 molar excess is best used. Solvents
which can be used are, for example, dioxane, toluene,
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3
and chlorobenzene. The reaction proceeds at a satisfac-
tory rate at elevated temperatures of from abcut 95° C.
to about 125° C. ‘

The TMGA 1s prepared by the procedure described
in Fieser and Fieser, Reagents for Organic Synthesis, Vol. 5
2, pp 403-404, Wiley-Interscience, N.Y. 1969.

In an example of the preparation of 1-(1H-tetrazole-3-
ylmethyl)-1H-tetrazole-5-thiol, one mole of I1-

cyanomethyl-1H-tetrazole-5-thiol is dissolved in 500 ml
of dioxane and 1.5 moles of TMGA are added. The
solution 1s heated at the reflux temperature with stirring

for about 5 hours. The product is isolated by evaporat-
ing the mixture to dryness, and the reaction product
mixture is taken up 1n a mixture of water and a water
immiscible organic solvent such as ethyl acetate. The
aqueous layer 1s separated and acidified to a pH below
pH 2 and the product is extracted with an organic sol-
vent such as ethyl acetate. The extract is washed, dried,
and evaporated to dryness to yield the product.

The l-cyanomethyl-1H-tetrazole-5-thiol used in the
above preparaticn is prepared as follows. Ethyl azid-
oacetate is heated at a temperature of about 125° C. with
an excess of cyanogen chloride to form 5-chloro-1H-tet-
razcle-l-ylacetate as a crystalline solid. The latter prod-
uct is converted to the 5-thiol by heating the 5-chloro 25
tetrazole with sodium hydrcsulﬁde in an organic sol- .
vent such as ethyl alcohol. The reaction is carried out
satisfactorily at the reflux temperature in ethyl alcohol
for about 20-24 hours. The thiol is recovered by con-
centrating the reaction mixture and extracting with an 30
organic solvent, for example, ethyl acetate.

The ethyl 5-thiol-1H-tetrazole-1-ylacetate product is
then converted to the amide by heating the 5-thiol ester
in a mixture of concentrated ammonium hydrcxlde,

10

15

20

ammonium chloride and ethyl alcohol. The amide is 3° |

recovered as the ammonium salt. The amide, 5-thiol-
1H-tetrazol-1-ylacetamide ammonium salt, is then dehy-
drated to 1-cyanomethyl-1H-tetrazol-5-thiol. The dehy-
dration of the amide is carried out by heating a solution

of the amide in an inert organic solvent with a dehydrat- 40 -

ing agent i the presence of a hydrogen halide acceptor.
. 'The dehydration of the amide in the last step of the
reaction scheme can be carried out in an inert organic
solvent such as a halogenated hydrocarbon solvent for

example, methylene chloride, chloroform, a di- or tri- 4°

chloroethane, such as 1,2-dichloroethane and 1,1,2-tri-
chloroethane.

Dehvydrating agents which can be used in preparlng
the 1-cyanomethyl tetrazole include phosphorus oxy-
chloride, phosphorus pentachloride, phosphorus pen- 0
toxide or thionyl chloride. Phosphorus oxychloride is
the preferred dehydrating agent. =

The preparatlcn of the cyanomethyl tetrazole 5-thiol
- 1s illustrated i1n the following reaction scheme. |

55
| N—N |
fN;CHzcccczas + NCCl —> 01{ /N |

| N 60
(ISH;;COOC;;Hs
N N ?
1 + NaSH ———> H—rs—!{ | /N 65
' J:HzcocichS .

4
-continued
2 + NH,0H —>> NH@S_—u\E B ys
| N
' (|3H2C6-I1\IH2
_ N IﬁI - 4
3 + POCl; —_—> H—s{ /N
N
|

CH,;CN

‘The tetrazole compounds of the formula A wherein
R 1s C1-Cj3 alkyl are prepared with 5-chloro-1H-tet-
razole-1-ylacetate ester as follows. ‘The 5-chloro tet-
razole ester is reacted with a C;-C3 alkyl primary amine
to form the N-(C1-C; alkyl) 5-chloro-1H-tetrazol-1-yla-
mide. The amide 1s reacted with phosgene to form the
intermediate N-chlorocarbonyl amide of the 5-chloro
tetrazole, and the latter with TMGA to provide the
S5-chloro-1-[1-(C;-C3  alkyl)-1H-tetrazol-5-ylmethyl]-
1H-tetrazole. The 5-chloro-bis-tetrazole i1s then reacted
with sodium hydrosulfide to provide the corresponding
5-thiol. The following reaction scheme illustrates the
above sequence of reactions.

C'J\ Vs
- CH,COOC)H5
J/HzN_(C{-C3 alkivl) .
N — N
I |
c1—H /N
CH;_cei}J—(cj-écg alkyl)
L }
(1) CICOCI
2) TMGA
J/NaSH |
‘CHZ—K /N

N

. (Cy1~C3 alkyl)

In the first step of the above preparative scheme, the
3-chloro tetrazole ester, for example ethyl 5-chloro-1H-
tetrazol-1-ylacetate, is dissolved in ethyl alcohol and the
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solution 1s cooled to 0° C. or below. Excess primary
amine is added to the cold solution with stirring.
Amines which are used are methylamine; ethylamine,
n-propylamine ‘and iso-propylamine. The amide forma-

tion is rapid and the. product usually crystalhzes from

the reaction mixture.

The 5-chloro tetrazole secondary amide is then ré-

acted at about 0° C. in an inert solvent such as methy-

lene chloride with excess phosgene in the presence of 10

pyridine to form the N- chlorocarbonyl amide. The
reaction rmxture 1S evaporated to dryness and the : reac-

tion produet mixture is suspended in dlexane and excess

TMGA 18 added te the SOlllthIl The reaetlon mmture 1S

heated at the reflux temperature for about two hours to

form the 5-chloro N-(C1«-C3 alkyl)bls-tetrazolemethyl |

15

compound. The latter is then heated with sodium hy-

drosulfide at a temperature between about 55° C. .and

abeut 85° C. to form the corresponding 5-th101 Ethyl -

alcohol is a suitable solvent in which to carry. out the
5-thiol preparatlon - |

.. In a similat manner, other alkyl esters of amdoaeetle
'aerd can be.used in the reaction scheme. For example,
the C;-Cy4alkyl esters such as the methyl ethyl n-pro-
pyl, n-butyl, and isobutyl esters. = -

20

25

The 2-(1H-tetrazole-5 -ylmethyl)-2H-tetrazol—5-th101 -

and the 1-(C1-C3 alkyl) derivatives thereof represented
by the Formula B are prepared as follew_s. In general, a
tetrazole-5-thiol wherein the thiol is protected with a

- trile or bromoacetonltnle in the presence of a base in an

30
thiol-protecting group is alkylated with chloroacetoni-

1nert solvent to provlde a mixture comprising approxi-

mately equal amounts of the 1- and 2-cyanomethyl iso-
mers. Bases which can be used include for example, the
alkali metal hydroxides and carbonates such as potas-
sium hydroxide, sodium hydroxide, potassium carbon-
ate and sodium carbonate. Solvents which can be used

‘are the alkanols such as the C1-Csalkanols, for example,

methanol, ethanol, propanol and butanol; the nitriles

such as acetonitrile and propionitrile; amides such as

- dimethylformamide, dlmethylaeetamlde, N-methylpyr-
rolidone and the like; ethers such as tetrahydrofuran,
dioxane and the like; or other convenient organic sol-
vent which is inert under the conditions of the reaction.
- The alkylation can be carried out at a temperature
‘between about 15° C. to about 75° C. and is conve-
-niently carried out at or near room temperatures.
. Thiol protecting groups which can be used to block
the 5-thiol group during the alkylation are any readily

removed thiol-protecting group which is stable under

the basic conditions of the alkylation reaction. Exam-
ples of protecting groups are the arylmethyl groups
such as benzyl and diphenylmethyl and the substituted
benzy! and diphenyimethyl groups such as 4-methyl-
benzyl, 4-methoxybenzyl, 4-nitrobenzyl, 3- or 4-chloro-

benzyl, 4-methoxybenzhydryl, and 4,4'-dimethoxybenz-
hydryl. The benzyl group is a preferred thiol protecting

group.
- The 1H-tetrazole-5-thiol wherein the thiol group is

protected, for examp]e 5-benzylthio-1H-tetrazole, 1
prepared by heating thiosemicarbazide with a benzyhc
‘thalide or with a dlphenylmethyl halide, for example the

35

and
~7ﬂ'11018

HzN-'NH-—-C—*S“CHz

wherein X is chloro or bromo.

The S benzyl salt is recovered by evaporating the
reaction mixture to dryness, dissolving the residue in

‘water, and washlng the aqueous solution with a water

immiscible solvent such as ethyl acetate. The aqueous

- solution of the S-benzyl salt is then treated with an

excess of sodium or potassium nitrite at room tempera-

ture to provide the S5-protected-thio-1H-tetrazole for

example, 5-benzylthio-1H-tetrazole. The product is
recovered from the aqueous reaction mixture by extrac-

tion with a water unmlsmble organle solvent sueh as

ethyl acetate.
The 5-protected-thio-1H-tetrazole is then alkylated as
described above to provide the 1-and 2-cyanomethyl-

‘1H-tetrazole-5-protected thiol. The cyanomethyl tet-

razole is reacted with an azide reagent, for example
aluminum triazole or TMGA. to form the isomeric 1-
2-(1H—tetrazole-S-ylmethyl)tetrazole-5-protected

‘The reaction of the azide agent with the cyanomethyl

tetrazole is carried out at a temperature between about

75° C. and about 150° C.'in an aprotic organic solvent,
for example an ether such as dioxane, the dimethyl ether
of ethylene glycol, diglyme or like solvents. The bis-tet-

.razole is recovered from the reaction mixture, following
concentration in vacuo, by extraetron with ethyl ace-

tate. -
The isomeric bis-tetrazoles are obtained in most in-
stances as an oil from which are obtained on standing
the crystalline 2-isomer. The crystalline-oil mixture of
isomers is separated conveniently by trituration of the
mixture with methylene chloride or diethyl ether.

The 2-isomer is identified and distinguished from the
l-isomer conveniently by its nmr spectrum. The two
protons of the methylene group bonding the two tet-
razole rings show a signal at about 6.45 ppm for the

. 2-isomer, while the corresponding si gnal of the 1-isomer

45

occurs at about 6.03 ppm.
‘The 5-thiol protecting greup of 2-(1H-tetrazole-3-
ylmethyl)tetrazole-5-thiol is conveniently removed by

- electrolytic reduction. Prior to reduction a small sample

30

is analyzed polarographically to determine the reduc-
tion potential in a conventional polarograph.

~In an example of the electrolytic reduction, 5-ben-
zylthio-2-(1H-tetrazole-5-ylmethyltetrazole 1s  dis-
solved in distilled dimethylformamide and the solution

- is placed in an electrolytic cell. A suitable electrolyte

55

60

such as a tetraalkyl ammonium perchlorate for example,
tetrabutyl or tetraethylammonium perchlorate is used
with a platinium wire anode and a mercury pool cath-
ode separated by a glass frit. A standard calomel elec-
trode is employed as with most electrolytic reductions.
The reduction is carried out at a temperature between
about 15° C. and about 35° C. at a potential of —2.7 to
about —2.83 v.

The thiol product is recovered from the reduction

- product mixture by evaporating the mixture under re-

65

ehlerlde or bremlde, in ethyl alcohol to obtain the inter- -

mediate S-benzyl or S-benzylhydryl hydrobremlde or
hydrochloride ef the fermula ; |

duced pressure, dissolving the résidue in ethyl acetate,

filtering if necessary, thoroughly washing the ethyl
acetate solution with 1 N hydrochloric acid, drying the

solution, and evaporating the solution to dryness.
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The 2-(1H-tetrazole-5-ylmethyl)tetrazole-5-thiol can
be used, as recovered, in the preparation of the cephalo-
sporin antibiotics, or the compound can be purified by
recrystallization prior to use.

The bis-tetrazole thiols represented by the formula B
wherein R is C1-Cj alkyl are prepared by alkylating the
S-protected-thio-1H-tetrazole with a C1-Cjalkyl halide,

for example the alky! iodide or alkyl bromide. Follow-
ing alkylation the 5-thiol protecting group is cleaved by
electrolysis as described above. The alkylation is car-
ried out by first converting the 1H-tetrazole to the salt
form with a suitable base such as sodium or potassium
hydroxide in an alcohol such as a C1-C4 lower alkanol,
for example methyl alcohol or ethyl alcohol. The alkyl
halide is added to the mixture to provide the N-alkyl
tetrazole.

As with the alkylatlon described above to form the
cyanomethyl derivative, the alkylation affords a mix-
ture of the 1- and 2-alkyl isomers. The isomers are sepa-
rated by crystallization or chromatography over silica
gel.

Examples of alkyl 1odides which are used in the alky-
lation are methyl iodide, ethyl iodide, n-butyl iodide,
and 1sopropyl 1odide. Alkyl bromides and chlorides can
also be used; however, the iodides are preferred owing
to their greater reactivity. |

The above described preparation of 2-(1H-tetrazole-
>-ylmethyl)tetrazole-5-thiol is shown in the following
reaction scheme

M
j—s—{ )

N
;
H

Cl—CH>;—CN
Base

’ \ |
Ro~§ _Qh #f>< 1- and 2-isomers
N CH;CN
\Lazide reagent
N=————N
| L 1~Iq
Ry—S ~ >& N IIT
N |
CH J{ N
’ /
N
|
(1) Separation 1
(2) Reduction
N N N N
- | i
H——S—L\ /N—'CHz—{ /N
N |
H

10

8

wherein Rj is a base stable thiol protecting group.
The bis-tetrazolemethyl compounds of this invention

are useful intermediates in the preparation of broad

spectrum cephalosporin antibiotics as described in co-

pending application Ser. No. 187,859 filed this even
date. For example, 1-(1H-tetrazole-5-ylmethyl)-1H-tet-
razole-3-thiol is reacted with a 7-acylaminocephalospo-

ranic acid to provide the corresponding 7-acylamino-3-
[1-(1H-tetrazole-5-ylmethyl)-1H-tetrazole-5-ylthiome-

thyl]-3-cephem-4-carboxylic acid. For example, a bis-
tetrazolemethyl compound of the invention is reacted
with the cephalosporin antibiotic, cephalothin, to pro-
vide the 7-(2-thienylacetamido)-3-cephem-4-carboxylic

'~ acid wherein a bis- tetrazolemethyl thiol of the formula

15

20

25

30

A or the formula B is bonded via the sulfur atom at the
methylene group in the 3-position of the cephem nu-
cleus.

Alternatively, the substituted cephalosporin antibiot-

ics can be prepared by reacting a bis-tetrazolemethyl

compound of the invention with 7-aminocephalospo-
ranic acid to form the 7-amino-3-(bis-tetrazolemethyl-
thiomethyl)-3-cephem-4-carboxylic acid. The latter can
be acylated at the basic 7-amino group to form the de-
sired 7-acylamino-3-(bis-tetrazolemethylthiomethyl)-3-
cephem-4-carboxylic acid antibiotic compound. For
example, 7-aminocephalosporanic acid is reacted in
glacial acetic acid with 1-(1H-tetrazole-5-ylmethyl)-1H-
tetrazole-3-thiol or with 2-(1H-tetrazole-5-yimethyl)-
2H-tetrazole-5-thiol to provide the corresponding 7-
amino-3-(bis-tetrazolemethylthiomethyl)-3-cephem-4-

- carboxylic acid. The 3-substituted nucleus compounds

35

45

50

35

60

are represented by the formula

. CHQ"-S-R?,

COOH

wherein Rj is a bis-tetratrolemethyl group of the formu-
las |

N N
II\II
I\ /
N N
CH>
|
R
Of
N N N N
ol
Sy
NN
N |
R

~ wherein R is hydrogen or Ci-C3 alkyl.

65

The above bis-tetrazolemethyl substituted nucleus
compounds are intermediates which can be acylated
with the desired carboxylic acid to provide the 7-
acylaminocephalosporin antibiotics as described in co-
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S
pending application Ser. No. 187,859. For example, a

7-amino nucleus compound represented by the above
formula or an ester thereof is reacted in an inert organic
solvent such as acetonitrile with the mixed anhydride
derivative of 2-thiopheneacetic acid formed with
methyl chloroformate or isobutyl chloroformate, to
provide  the  N-acylated  derivative
“thienylacetamido)-3-(bis-tetrazolemethylthiomethyl)-3-
cephem-4-carboxylic acid or an ester thereof.

Also, the bis-tetrazolemethyl thiols can be reacted
with 3-halomethylcephalosporin esters to provide esters
of the 3-(bis-tetrazolemethyl)substituted cephalosporins
described in the above-identified copending application.
For example, p-nitrobenzyl 7-(2-thienylacetamido)-3-
bromomethyl-3-cephem-4-carboxylate is reacted with a
bis-tetrazolemethyl thiol of the invention in a suitable
organic solvent such as dimethylformamide or dimeth-
ylacetamide to  provide = p-nitrobenzyl  7-(2-
thienylacetamido)-3-(bis-tetrazolemethylthiomethyl)-3-
cephem-4-carboxylate. Deesterification of the p-nitro-

7-2-

10

15

20

benzyl ester with zinc and acetic acid, with hydrogenin

the presence of 5% palladium on carbon catalyst, or by

electrochemical reduction, affords the substituted ceph-
aIOSporm as the free acid antibiotic compound.

~ This invention also provides the novel intermediate

| -to the bis-tetrazolemethyl thiols represented by the
‘above formula A. The intermediate, 1-cyanomethyl-1H-
‘tetrazole-5-thiol, is represented by the formula

| N N

| O

H“S.—y\ /N
CHzCN |

and 1s prepared as descrlbed above by the dehydratlon
of the corresponding amide.

The 1-cyanomethyltetrazole-3-thiol is also useful in
the preparation of 7-amino- and 7-acylamino-3-(1-
cyanomethyltetrazole-5-ylthiomethyl)-3-cephem-4-car-
boxylic acid antibiotics as described in copending appli-
cation Ser. No. 187,860 filed this even date. The thiol 1s
~used in the preparation of the cephalosporins by the
same methods described above for the bis-tet-
razolemethyl substituted cephalosporins. For example,
a 7-amino or 7-acylaminocephalosporanic acid is re-
acted in a non-aqueous medium with l-cyanomethyl-
1H-tetrazole-5-thiol to provide the 7-amino-3-(1-
cyanomethyl- 1H-tetrazole—S-ylthlomethyl) 3-cephem-
4-carboxylic acid or the corresponding 7-acylamino
‘compound. The 7-amino-3-cephem product can be N-
acylated by _known procedures with the desired carbox-
ylic acid or an active derivative thereof to provide the
~7-acylamino cephalosporin.

The following examples are prowded to further 1llus—
trate the invention.

In the following preparations and examples, unless

23

30

35

10

" PREPARATION OF
1 CYANOMETHYL- lH-TETRAZOL-S-YLTHIOL

A. Ethyl azidoacetate

" To a solution of 490 g. (4 moles) of ethyl chloroace-
tate in 1500 ml. of acetonitrile were added 260 g. (4
moles) of sodium azide, and the mixture was heated at
the reflux temperature for 20 hours. After heating, the

reaction mixture was poured into 1 liter of water with

stirring for 4 hour. The organic phase was separated
from the aqueous phase and evaporated in vacuo to
dryness. The yellow residual oil was dissolved in 1200
ml. of dlethyl ether and the solution was dried over
magnesium sulfate. Evaporation of the diethyl ether in
vacuo gave 391 g. (76% yield) of ethyl azidoacetate.

B. Ethyl 5-chloro-1H-tetrazol-1-ylacetate
‘A mixture of 130 g. (1 mole) of ethyl azidoacetate

prepared as described in part A and 96 g. (1.56 mole) of

cyanogen chloride was heated at a temperature of 125°
C. for 20 hours. After the reaction mixture had cooled,
the reaction product mixture was dissolved in ethyl
acetate, and the solution was filtered and evaporated in
vacuo yielding a yellow crystalline mass of product.
The yellow crystals were recrystallized from aqueous

ethyl alcohol and gave 149 g. (78% vyield) of ethyl 5-

chloro-1H-tetrazol-1-ylacetate as pale yellow crystals
melting at about 57°-60° C.

C. Ethyl 5-thiol-1 H-tetrazol-1 -ylacetate
A solution of 209 g. of the chlorotetrazole ester, pre-

‘pared as described in part B above, and 250 g. of sodium

hydrosulfide in 5 liters of ethyl alcohol was heated at
the reflux temperature for 24 hours. After heating, the
reaction mixture was acidified with concentrated hy-
drochloric acid, and the volume of the acidified mixture

was reduced to % the original volume by evaporation in

vacuo. The concentrate was extracted with ethyl ace-
tate, the extract was dried and evaporated to dryness
under reduced pressure. The residual product was re-

crystallized from toluene-methylene chloride-hexane
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otherwise specified, the nmr spectra were run on a

Varian Associates Model T-60 Spectrometer. In the
description of the nmr spectra, s=singlet, d=doublet,

- g=quartet, and m= multlplet Meltlng pmnts are uncor-
| rected | -
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and gave 129 g. of the product melting at about 85° C.
to 88° C.

D 5 Thlol 1H-tetrazol-l-ylacetamlde ammonium salt
A solution of 20 g. (0.106 mole) of the tetrazolthiol

ester, prepared as described above in part C, in 320 ml.

of concentrated ammonium hydroxide and 200 ml. of
ethyl alcohol containing 500 ml. of ammonium chloride
was heated at the reflux temperature for about 12 hours.
After heating, the reaction mixture was evaporated 1n
vacuo, and the yellow crystalline residue obtained was
recrystallized from hot ethy! alcohol to yield a first crop
of 13.7 g. (73% vyield) of the product as white crystals
melting at about 197° to about 199° C. after vacuum
drying. A second crop of 1.4 g. of the product was
obtained which melted at about 191°~193° C.

E. 1-Cyanomethyl-1H-tetrazol-5-thiol

A suspension of 5.28 g. of the tetrazolamide ammo-
nium salt, prepared as described above in part D, in 90
ml. of methylene chloride containing 14.4 ml. of pyri-
dine was cooled to a temperature of about 0° C. To the
suspension was added dropwise with stirring a solution
of 4.6 g. (30 mmole) of phosphorous oxychloride in 40
ml. of methylene chloride. After the addition was com-
pleted, the reaction mixture was heated at the reflux
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temperature for 30 minutes and was then cooled to
room temperature with stirring. The reaction mixture
had turned orange after heating and contained some
precipitate. The reaction mixture was evaporated to
dryness in vacuo and the residue dissolved in ethyl
acetate-water, 1:1, v:v. The pH of the solution was
adjusted to pH 2 with 20% aqueous hydrochloric acid.
The acidified solution was then extracted twice with 75
ml. portions of ethyl acetate and the extracts combined.
The extract was then washed with 5% hydrochloric
acid, with brine, was dried over sodium sulfate and
evaporated in vacuo. The brown oil obtained as a resi-
due crystallized on standing. The crystals were vacuum
dried at room temperature and yielded after drying 2.6
g. (61% vyield) of light brown product melting at about
113°-114° C.

The above reaction was repeated on a 10.6 g. batch of
the tetrazol amide ammonium salt and 3.7 g. of the
nitrile as off-white crystals melting at about 116°-118°
C. was obtained. |

The following analytical data were obtained for the
crystalline product.

Elemental analysis calculated for C3H;3NsS: Theory:
C, 25.53; H, 2.14; N, 49.62. Found: C, 25.82; H, 2.40; N,
49.91.

The mass spectrum of the crystalline product showed
a molecular weight of 141 in agreement with the prod-
uct. | | |

EXAMPLE 1
1-(1H-Tetrazol-5-ylmethyl)-1H-tetrazol-5-thiol

- A solution of 6.0 g. (42.5 mmole) of 1-cyanomethyl-
1H-tetrazol-5-thiol and 10.0 g. (6.3 mmole) of tetrame-
thylguanidinium azide in 90 ml. of dioxane was heated
at the reflux temperature for 3 hours. After cooling, the
reaction mixture was evaporated to dryness in vacuo
and the residue dissolved in ethyl acetate:water, 1:1.
The ethyl acetate layer was separated, and the pH of the
aqueous layer was adjusted to pH 1.8 with 20% hydro-
chloric acid. The acidified aqueous layer was then ex-
tracted 3 times with 75 ml. portions of ethyl acetate, and
the extracts were combined. The extract was washed
with 5% hydrochloric acid, with brine, was dried over
sodium sulfate, and then evaporated in vacuo to dry-
ness. The red oil obtained as a residue crystallized on
seeding. The crystals were washed with ethyl acetate
and with diethyl ether and were dried. There were
obtained 3.7 g. of the bis-tetrazolmethyl thiol melting at
about 173° C. to about 175° C. The filtrate from the first
crop was evaporated to an oil and after seeding the oil,
0.3 g. of a second crop crystalline product were ob-
tained. A third crop of 0.3 g. was obtained in the same

manner. Total yield of product was 4.3 g. (55% yield).
- The NMR spectrum of the product run in DMSO-dg¢

showed a singlet at 5.9 ppm delta for the protons of the

methylene group bridging the tetrazole rings.

EXAMPLE 2

1-(1-Methyl-1H-tetrazol-5-ylmethyl)-1H-tetrazol-5-
-~ thiol

A. N-Methyl-5-chloro-1H-tetrazol-1-yl-acetamide

A solution of 19.5 g. (0.102 mole) of ethyl 5-chloro-
1H-tetrazol-1-acetate in 30 ml. of ethyl alcohol was
cooled in a dry ice-propyl alcohol bath, and methyl-
amine gas were passed into the solution for 5 minutes.
The reaction mixture solidified and was washed with
ethyl alcohol and diethyl ether and was dried on the

10

15

20

25

30

35

45

50

33

65

12
steam bath. There were obtained 13.2 g. (74% vield) of
the N-methylamide product as white crystalline needles
melting at about 146° to 148° C.

The following analytical data were obtained for the
crystalline product.

Elemental analysis calculated for C4H¢NsOCI: The-
ory: C, 27.36; H, 3.44; N, 39.89; CI, 20.19. Found: C,
27.59; H, 3.35; N, 39.65; Cl, 20.49.

NMR (DMSO-dﬁ) 82 7 (d, J=5 Hz, 3H, amlde
methyl), 5.28 s, 2H, CH3), 8.53 (s, broad, 1H, N—H)

ppm.
- Molecular welg_ht via r_nass Spectrum--_- 175.5.

B.
1-(1- Methyl 1H-tetrazol 5- ylmethyl) 5-chloro-1H-tet-
| . razole

‘FTo a suspension of 1.75 g. (10 mmole) of 5-chloro-N-
methyl-1H-tetrazol-1-acetamide, prepared as described
under A above, in 50 ml. of methylene chloride contain-
ing 0.8 g. of pyridine and maintained at a temperature of
about 0° C. was added with stirring excess phosgene.
After addition was complete, the reaction mixture was
stirred for 10 minutes without further cooling. The
clear solution obtained on reaction was evaporated to
dryness at a temperature of about 30° C. under reduced
pressure. The residue containing the reaction product
was suspended in 50 ml. of dioxane, and 2.4 g. (15.2
mmole) of tetramethylguanldlnlum azide were added to
the suspension. The mixture was heated for 2 hours at
the reflux temperature and after stirring overnight at
room temperature, the reaction mixture was concen-
trated to near dryness under reduced pressure. The
concentrate was dissolved in 30 ml. of water forming a
pale yellow solution from which the product crystal-
hized as colorless needles. The product was filtered and
0.4 g. of the crystalline product melting at about 138° C.
to about 140° C. were obtained. A second crop of 0.5 g.

of the product melting at about 136° C. to about 139° C.
was 1solated from the filtrate.

The following analytical data were obtained for the
crystalline product. |

Elemental analysis calculated for C4H5N3C1 Theory
C, 23.95; H, 2.51; N, 55.86; Cl, 17.45. Found: C, 24.17;
H, 2.75; N, 5581 Cl, 17.85.

NMR (DMSO-dﬁ) 84.27 (s, 3H, N—CH)3), 6. 33 (s,
2H, CH>») ppm |

C. - |
1-(1-Methyl- 1H-tetrazol-5- ylmethyl) 1H-tetrazol-5thiol

To a suspension of 0.5 g. (2 5 mmole) of the 5-chloro-
bis-tetrazole, prepared as described in B above, in 40 ml.
of ethyl alcohol was added 0.6 g. of sodium hydrosul-
fide. The mixture was heated at the reflux temperature
for 16 hours, was cooled to room temperature, and
filtered. The filtrate was concentrated to near dryness
under reduced pressure and 30 ml. of 5% hydrochloric
acid were added. The acidified concentrate was ex-
tracted 3 times with 30 ml. portions of ethyl acetate; and
the extracts were combined and washed with 5% hy-
drochloric acid, brine, and dried over sodium sulfate.
The dried extract was concentrated to a small volume
from which the crystalline product precipitated. The
product was recrystallized from ethyl acetate-hexane,
and there was obtained 0.3 g. of the product as nearly

- colorless crystals melting at about 190° C. to about 192°

C.
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The following analytical data were obtained for the
crystalline product.

Elemental analysis calculated for C4HgN3gS: Theory:
C, 24.24; H, 3.05; N, 56.53. Found: C, 24.21; H 3.28; N,
36.43. .

NMR (DMSO-dg): 04.22 (s, 3H, CH3), 5.95 (s, 2H,
CH3), 10.57 (broad s, 1H, SH).

The molecular weight as determined by mass spec-

trum was 198.

EXAMPLE 3

2- (1H-Tetrazole-—5-ylmethyl)-tetrazole-5th101
~ A. 5-Benzylthio-1H-tetrazole

A solution of 30 g. (0. 33 mole) of thiosemicarbazide
and 51 g. (0.40 mole) of benzyl chloride in 500 ml. of
ethyl alcohol was heated at the reflux temperature for
about 3.5 hours. After heating, the reaction mixture was

evaporated to dryness under reduced pressure and the

residue was dissolved in water. The solution was
washed with ethyl acetate and was added to a solution
of 25 g. (0.36 mole) of sodium nitrite in 50 ml. of water.
‘The solution was stirred for 15 minutes and then ethyl
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acetate was added. The organic layer was separated and

washed with water, brine, and was dried over sodium
sulfate. The dried ethyl acetate solution was evaporated
‘under reduced pressure, and the product obtained as a
residue was washed with methylene chloride and re-
crystallized from ethyl acetate. There were obtained 21
g. of the product melting at about 134° C. to about 136°
C. | | |

The following elemental analysis was obtained for
the product.

Elemental analysis calculated for CgHgN4S: Theory:
C, 49.98; H, 4.19; N, 2914 Found: C, 49.81; H, 4.17; N,
28.95.

B. 1- and 2-Cyanomethyl-5-benzylthio-IH-tetrazole

A solution of 2.7 g. of potassium hydroxide in § ml. of
methyl alcohol was added with stirring to a solution of
7.9 g. (0.041 M) of 5-benzylthio-1H-tetrazole in 25 ml.
of methyl alcohol, and after stirring the solution for 15
minutes at room temperature, 3.4 g. (0.045 M) of chlo-
- roacetonitrile were added. The reaction mixture was
heated at the reflux temperature for about 12 hours and
the white solid which formed was filtered. The filtrate
was concentrated in vacuo to an oily residue, and the
residue dissolved in a mixture of diethyl ether and wa-
ter. The ether layer was separated and washed with an
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ice-ethanol mixture and acidified by dropwise addition
of 30 ml. of 20% hydrochloric acid. The acidified mix-

ture was concentrated under reduced pressure to a vol-

ume of about 30 ml., and the concentrate was extracted
with three 30 ml. portions of ethyl acetate. The extracts
were combined, washed with brine, and dried over
anhydrous sodium sulfate. The dried extract was evapo-

rated under vacuum to dryness providing 4.5 g. (97%
yield) of a mixture of the isomeric 5-benzylthio-1- and
2-(1H-tetrazole-5-ylmethyl)-1H- and 2H-tetrazoles as a
tan oil. After standing for several days, crystals formed
in the oil. The mixture was triturated with methyiene
chloride and filtered to provide 0.85 g. of cream colored
crystals melting at about 115° C. to about 117° C. A
second crop of crystals which weighed 0.2 g. was ob-
tained from the filtrate. |

The above preparation was repeated by reacting 7.1
g. of the isomeric 5-benzylthio-1- and 2-cyanomethyl-
tetrazole with aluminum azide (formed as described
above with 7.3 g. of aluminum chloride and 10.7 g. of
sodium azide). After heating at the reflux temperature
for 24 hours, the reaction mixture was acidified with
20% hydrochloric acid, evaporated to a volume of
about 60 ml., extracted with ethyl acetate, the extract
washed with brine, dried, and evaporated to dryness.
The residue crystallized on standing. The cream col-
ored crystals were suspended in methylene chloride and
filtered to provide 3.5 g. of cyrstalline material. The
filtrate was evaporated to dryness to provide 4.9 g. of
orange oil

The nmr spectrum of the crystalline product run in

‘deuterated DMSQO showed mainly one isomer, the 2-

isomer, while the nmr spectrum of the oil showed
mainly the 1-isomer.

D. 2-(1H-Tetrazole-5-ylmethyl)-2H-tetrazole-5-thiol

5-Benzylthio-2-(1H-tetrazole-5-ylmethyl)-2H-tet-
razole, 175 mg., prepared as described above under part
C, was dissolved in 40 ml. of distilled DMF and reduced

~ at the mercury pool cathode (14 ¢cm? Hg pool) with a

45

aqueous solution of sodium bicarbonate, water, and

with brine, and was dried and evaporated to dryness
under reduced pressure. There were obtained 3.4 g. of a
mixture of 1- and 2-cyanomethyl-5-benzylthio-1H-tet-~
razole as a reddish oil. The NMR spectrum of the oil
 showed it was a mixture contalmng approximately 50%
of each of the isomers.

C.
3-Benzylthiol-2-(1H-tetrazol-5-ylmethyl)-2H-tetrazole

To 70 ml. of dry tetrahydrofuran cooled in an ice-
ethanol bath were added in small portions 4.04 g. (0.03
mole) of anhydrous aluminum chloride. After addition
was complete, 5.85 g. (0.09 mole) of finely ground so-
dium azide were added with stirring. After stirring the
mixture for 5 minutes, a solution of 3.93 g. (0.017 mole)
of the 1- and 2-cyanomethyl-5-benzylthio-tetrazole 1so-
meric mixture in 20 ml. of dry tetrahydrofuran was
added and the mixture heated at the reflux temperature
for 24 hours. The reaction mixture was cooled in an
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platintum wire anode. The electrodes were separated by
a glass frit. The electrolyte was tetracthylammonium
perchlorate, 0.1 M in the DMF solution of the substrate.
The electrolysis was carried out at —2.7 to —2.85 volts
for 500 seconds and at —2.80 v. for about 630 seconds.

The reduction product mixture from the one-electron
reduction was evaporated to dryness and the residue of
product dissolved in ethyl acetate. The solution was
washed three times with a. 9:1 by volume mixture of a
saturated solution of sodium chloride and 0.1 N hydro-
chloric acid and was dried over anhydrous magnesium
sulfate. The dried solution was concentrated in vacuo
and 111 mg. of the title compound precipitated from the
concentrate. The product was filtered and dried.

We claim:

1. A compound selected from the group consisting of
a compound of the formula

N ~N
ams k1
I‘I“/ N ~N
CHz—U\ | 1'!;
N7
|
R
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and a compound of the formula

N— Iii N—
H—SAK N—CHz—{ ;!1
N~ | ' N/
R
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wherein each R is hydrogen or C;-C3 alkyl.

2. Thé compound of claim 1 of the formula.

35
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. N—N
oo )
)
N
k.

‘3. The compdﬁnd of claim 2 wherein R is hydrogen.
4. The compound of claim-2 wherein R is methyl.
3. The compound of claim 1 of the formula

. N =

R H—-S—& }'—Cﬂz—u\ >
S N
)
. R.

- 6. The compound of claim 5 wherein R i IS hydmgen.
. The compound of the formula
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4,338,452.—Allen S. Katner, and Stephen J. Bogard, Indianapolis, Ind. 1-AND
2-(1-ALKYL-1H-TETRAZOL-S-YL-METHYL)—lH-TETRAZOL-S-
THIOLS AND 1-CYANOMETHYL TETRAZOLE-5-THIOL. Patent
dated July 6, 1982. Disclaimer filed June 13, 1983, by the assignee, Eli

Lilly and Co. .

Hereby enters this disclaimer to claim 7 of said patent.
' [Official Gazette August 16, 1983.]
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